A polymerase chain reaction (PCR) assay was used to confirm the presence of ileal symbiont (IS) intracellularis in 3 swine herds with a history of proliferative enteritis (PE). Two pooled fecal specimens, each comprising 5 individual stool samples, were collected from pen floors to screen for the presence of IS intracellularis and determine the age range of pigs shedding the organism. IS intracellularis was detected in the feces of clinically normal 10-25week-old grower/finisher pigs, indicating that this age range of pigs was the main source of infection for younger nursery pigs. Shedding continued without clinical disease when 10-100 g/ton of tylosin or 10 g/ton of chlortetracycline was added to the feed. PCR testing of pooled fecal samples can be used to identify groups of pigs affected with PE. The results of this study indicate that this PCR assay has the potential to accurately assess the IS intracellularis infection status of swine herds and the association of IS intracellular-is with PE and growth performance.
Proliferative enteritis (PE) is an enteric disease of pigs characterized by proliferation of intestinal epithelial cells and the presence of curved intracellular rodshaped bacteria. 1, 16 Affected pigs typically between 6 and 20 weeks of age, exhibit poor growth and diarrhea. 4 A sudden death syndrome, characterized by anemia and severe dysentery, occurs in finisher pigs and young breeding stock. 13 A previously unrecognized bacterium, ileal symbiont (IS) intracellularis, recently cultivated in vitro, has been demonstrated as an agent necessary for PE to develop in pigs. 3, 12, 14 Although subclinical infection is thought to occur commonly, 4,15 research into the epidemiology of PE has been hampered by the lack of an antemortem diagnostic test for the disease. IS intracellularis can be cultured in vitro 12 but the technique does not lend itself to culture from feces.
Recently, dot blot hybridization and polymerase chain reaction (PCR) assays have been developed to detect IS intracellular-is in swine feces. 9,10 PCR amplification and gel electrophoresis of a 319-bp fragment of IS intracellular-is DNA can detect as few as 10 3 organisms/g of feces in experimentally challenged pigs. 11 In naturally infected pigs, the presence of IS intracellular-is in fecal samples as detected by PCR is correlated with the presence of histologic lesions of PE in the terminal ileum. 8 Therefore, the PCR assay has potential for use as a routine antemortem diagnostic test for PE, which could facilitate epidemiologic studies of this disease.
In this study, we used the PCR assay to detect IS intracellular-is in samples collected on 3 farms with a history of PE. Bacterial DNA obtained from fecal samples was assayed using the PCR method for the presence of IS intracellular. 10 The PCR results confirmed the presence of IS intracellularis on each farm and demonstrated the feasibility of detecting PE in pens of pigs by collecting pooled fecal samples. The results of this investigation could be used to develop an effective sampling strategy to evaluate commercial herds for the presence of PE.
Materials and methods

Farms investigated
Diagnosis of PE. Three commercial swine herds that experienced clinical signs of PE within the 12 mo preceding the study were identified through swine practitioners. These farms are located in the upper midwestem region of the United States. For each farm, the clinical disease was confirmed by histopathologic examinations demonstrating intestinal lesions typical of PE and curved rod-shaped bacteria within affected epithelia. 1, 16 Farm 1. Farm 1 was a farrow-to-finish operation and consisted of 150 sows and their progeny. Boars and gestating sows were kept outdoors, and growing pigs were confined in 2 buildings. Farrowing sows with their litters and weaned pigs from 4 to 12 wk of age were kept in separate sections of 1 building. Older growing pigs were housed in 14 pens designed to hold about 25 pigs each. Pigs moved through the facilities in a continuous manner with no defined time intervals for cleaning and repair of facilities between groups of pigs. Mild diarrhea and poor growth typical of nonhemor-rhagic PE were observed in pigs in December 1991. Medications used prior to the outbreak included 200 g/ton furazolidone (no longer registered for use in swine herds) in the nursery ration and 50 g/ton bacitracin methylene disalicylate a in the feed of pigs over 12 wk of age. Detailed records were not available, but the owner estimated that approximately 5% of pigs were clinically affected despite the inclusion of 2.3 kg/ton of probiotics b in the nursery, grower, and finisher rations. At the time of fecal sampling, water consumed by pigs in the nursery was medicated with neomycin sulfate c (4 g/liter). Tylosin d (40-100 g/ton) was included in the feed of pigs up to 16 weeks of age.
Farm 2. Farm 2 received 10-wk-old pigs from a nursery/ grower unit and sold them as breeding stock at about 30 wk of age. Approximately 3,500 selected gilts and boars were housed in a converted cattle barn divided into 11 rooms. Grower/finisher pigs were housed in 7 rooms, selected gilts were in 2 rooms, pregnant sows were in 1 room, and boars were in 1 room. Rooms containing growing pigs, consisting of 20 pens of 20 pigs each, were managed all-in/all-out by room and were cleaned and disinfected between groups. Proliferative enteritis was first observed in 18-21-wk-old pigs in May 1992. Affected pigs became pale, had black tarry feces, and if not treated promptly died within 2 days of developing signs. During the 14-mo period up to July 1993, 41% (59) of all deaths were attributed to PE. The herd was treated with 40 g/ton of tylosin in the feed. Clinically affected pigs were treated with injectable tylosin d at 1 ml/25 kg. Sporadic outbreaks affecting 1-3 pigs continued to occur at the time that samples were collected, despite medication with 40 g/ton of feed-grade tylosin. d Farm 3. Eight-week-old Hampshire boars were grown to maturity on farm 3. Newly arrived pigs were housed for about 3 wk in a converted cattle barn and then moved to 6 outdoor pens. Pens inside the barn were lined with straw and were cleaned out infrequently. No defined system existed for pig movement among outdoor pens. Proliferative enteritis was first observed in October 1993. Chlortetracycline a (10 g/ton) was added to all feed before the outbreak. A total of 6 boars between 12 wk and 12 mo of age were affected with hemorrhagic PE. These pigs became anemic and produced black tarry diarrhea. Of the 6 pigs, 3 died, 2 were sent to the University of Minnesota for necropsy, and 1 was sold for slaughter. The herd was treated with 100 g/ton of feed-grade tylosin. d Fecal samples were collected from pigs 2 wk after the tylosin was added to the feed. At the time of the investigation in November 1993, approximately 55 pigs were present on the farm. pigs within pens was recorded at the time of fecal collection based on history of clinical signs of PE.
Farm 3. Two composite fecal samples were collected from the floors of all pens on farm 3, 2 wk after the first clinical case of PE. Each sample consisted of 5 individual fecal samples. Individual fecal samples were also collected with a gloved hand from the rectum of individual pigs. Each fecal sample was placed in an individual 5-ml plastic vial and transported on wet ice or dry ice to the PathoBiology Department at the University of Minnesota. Fecal samples were stored frozen at -70 C for 1-2 mo until assayed by PCR.
PCR testing of fecal samples
DNA extraction from feces. DNA samples were extracted from the bacterial pellet using a modification of a technique based on the binding of DNA to silicates in the presence of high concentrations of guanidine thiocyanate (GuSCN). e,2 A 0.2-g sample of feces was suspended in 1 ml of lysis buffer (5 M GuSCN, 22 mM ethylenediaminetetraacetic acid [EDTA], 50 mM Tris HCl [pH 6.4], 0.65% Triton X-100), mixed vigorously by pipetting, and aliquoted into 1.5.ml microfuge test tubes, each containing 300 µl of lysis buffer and 50 µl1 of a 20% (wt/vol) diatomaceous earth e suspension in 0.17 M HCl. The tubes were vortexed, held at room temperature for 1 hr, vortexed again, and centrifuged at 14,000 x g for 20 sec. The lysis buffer was removed, and the pellet was washed twice in wash buffer (5.5 M GuSCN in Tris HCl, pH 6.4), twice in cold 70% ethanol, and once in acetone and then dried. The DNA was dissolved in 200 µl of 10 mM Tris (pH 8.0) and 1 mM EDTA, removed from the diatomaceous earth by pipette, and stored at 4 C.
PCR. DNA in 10 µl of sample was amplified in a 25-µl reaction mix of 2 mM MgCL 2 , 5% dimethyl sulfoxide, 200 mM of each dNTP, 10 mM Tris-HC1 (pH 8.3), 50 mM KCl, 0.00 1% gelatin, and 30 ng of each primer (primer A: 5'-TATGGCTGTCAAACACTCCG-3'; primer B: 5'-TGA-AGGTATTGGTATTCTCC-3'). 10 The reaction mix and sample were heated to 100 C for 10 min and cooled to 55 C, and 1 U Taq polymerase was added. Reactions continued for 30 cycles in a DNA thermal cycler, f each cycle consisting of 30-sec steps at 93 C, 55 C, and 72 C. Negative controls contained water instead of sample. Three microliters of reaction products from each amplification were electrophoresed in a 1.5% agarose gel and stained with ethidium bromide. Southern blotting 10 was used to confirm PCR results. positive samples were collected from pens housing fin-Farm 2. Two composite fecal samples, each consisting of ishing pigs > 16 weeks of age. Shedding of IS intra-5 individual stool samples, were collected from the floors of cellularis was detected in 4-32% of pigs in pens where 22 pens. One pen on either side of a center aisle was selected IS intracellular-is was detected (Table 2, Fig. 1 ).
Results
Collection of diagnostic material
within each room for sample collection. The PE status of Farm 2. IS intracellular-is was detected in pooled fecal samples in 7 of 22 pens. Six of the positive pens housed pigs > 19 weeks of age, and 1 was from a pen of 13-week old pigs (Table 3) . Pigs had clinical signs of PE within 2 weeks of sampling in 3 of the 7 pens where IS intracellularis was detected.
Farm 3. IS intracellularis was detected in pooled fecal samples collected from 3 pens housing pigs > 10 weeks of age (Table 2) . IS intracellularis was detected in pooled fecal samples from pen B and in the feces of 5 of the 17 pigs within this pen. In pen B, 1 pig was Table 2 . Detection of IS intracellularis by PCR in fecal samples collected from individual pigs and pen floors from farms 1 and 3. diagnosed with PE, based on diarrhea and necropsy examination, 2 weeks before sampling. IS intracellularis was detected in a pooled fecal sample collected from the floor of pen C but was not detected from individual pigs within this pen. One pig housed in pen D was found to be shedding these organisms, although the pooled samples were negative.
Discussion
This is the first antemortum field study of naturally occurring PE in which IS intracellularis in pig feces was detected by using PCR. The ability to detect IS intracellularis from a limited number of individual or pooled fecal samples allows diagnosis of PE in groups of live pigs and will facilitate epidemiologic studies of this disease.
The results of this study indicate that grower/finisher pigs shed IS intracellularis in the presence and absence of clinical signs of disease. Pigs on farm 1 began shedding IS intracellularis after transfer from the nursery to the grow/finish barn. IS intracellularis was detected in the feces of pigs between 19 and 25 weeks of age on farm 2, with the exception of 1 positive pooled fecal sample from a pen housing 13-week-old pigs. The shedding period reflected the age range of clinical disease (18-21 weeks) on this farm. IS intracellularis was not detected in the feces of 7-9-week-old pigs arriving on farm 3. However, IS intracellularis was detected in the feces of pigs > 10 weeks of age on this farm. These results suggest that grower/finisher pigs are the principal source of infection for pigs coming out of the nursery on these farms. It is also possible that the nursery pigs on farm 1 were infected but not shedding because of antibiotics in the feed. However, the addition of 10-100 g/ton of tylosin or 10 g/ton chlortetracycline to the feed did not prevent older pigs from shedding IS intracellularis or maintaining subclinical infections. Other studies have shown that management strategies that involve the use of antibiotics to control PE may not prevent shedding and may increase the risk of outbreaks following antibiotic withdrawal. 5, 6 Previous experimental studies using dot blot hybridization and PCR showed that infection is transient and that pigs shed IS intracellularis in their feces for about 17-21 days after challenge. 9, 11 In this study, shedding was detected in pigs > 30 weeks of age, which indicates that new infections occurred in older finishing pigs. Alternatively, naturally infected pigs may have shed the organism for an extended period of time.
The findings reported here suggest that PCR testing of pooled fecal samples can be used to identify groups of pigs infected by IS intracellularis. IS intracellular-is DNA was detected by PCR in up to 32% of pigs housed in pens from which positive pooled fecal samples were collected on farms 1 and 3. The irregularities detected between individual fecal samples and pooled samples from pens C and D at farm 3 can be explained by the frequent movement of pigs among pens on this farm and the failure to clean and disinfect between pig groups. Alternatively, the PCR test may lack sensitivity and reliability. However, analysis of fecal shedding of IS intracellularis in controlled experimental infections and comparison of PCR and DNA hybridization for detection of IS intracellularis showed that PCR was sensitive and specific and accurately predicted the infection status of pigs. [8] [9] [10] [11] In this study, pooled fecal samples consisting of 10 individual stools (2 samples of 5 individual stools each) were collected for testing. Increasing the number of fecal samples collected from individual pens may increase detection sensitivity within pens of pigs. Because of the potential of antibiotics in feed to prevent IS intracellularis shedding, any antibacterial product used in herds should also be recorded at the time of sampling.
Prevalence data, based on detecting adenomatous intestinal lesions at diagnostic laboratories and slaughter houses, probably underestimate the true prevalence of PE. 7, 15 In addition, herds with PE may not be identified at slaughter because of the rapid turnover of intestinal epithelium and the age of pigs slaughtered. 15 The results of this study indicate that the PCR assay can accurately assess the IS intracellularis infection status of swine herds and the association of IS-intracellularis with PE and growth performance.
